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Untramolecular SN2 ring opening of trans-cyclic sulfate by in situ generated carboxylate ion, 5-
carbon away from the reaction centre, results in preferably 6-exo-tet-cyclization whereas cis-cyclic
sulfate gives a mixture of six- and seven-membered lactones. In contrast, when the carboxylate ion is
situated six carbon atoms away from the reactive cyclic sulfate centre, no intramolecular cyclization is




With the advent of asymmetric dihydroxylation wanted to examine if there is any regio- and
of alkenes, 1 there has been spur of interest in the stereoselectivity in the intramolecular ring
ster~Q.~~1.~ct!y~~~!!~fom~jl!iol! of .d.io!J via cyclic opening of cyclic sulfate. Therefore, we
sulfite and cyclic sulfate.' Several nucleophiles prepared methyl 5,6-dihydroxy-hexadecanoate
are known to react with cyclic sulfites and cyclic 13 (82 % ee) by asymmetric dihydroxylation' of
sulfates with either inversion or retention of the corresponding trans-olefin and converted it
configuration" at the reaction centre. into the cyclic sulfate 43 by conventional
Interestingly, most of the nucleophilic ring method (Scheme 11).2 Hydrolysis of the ester
opening reactions of cyclic sulfates are with group of 43 by LiOH in THF-water (25: 1) at 0
external nucleophiles. Recently, a few examples °C generated the carboxylate ion 5 (M = Li)
of intramolecular ring opening of cyclic sulfates which was neutralized with aqueous 2N Hel to
have been reported by us' and others", In the furnish the carboxylic acid 5 (M = H). The
present paper we present an interesting carboxalic acid derivative S (M=H) was isolated
stereocentre-dependentintramo.J~cul~r.nqcleo{· and characterised. In contrast, when the in situ
pltilic ring openin.& of cyclic sulfate in which the generated carboxylate ion 5 (M = Li) was heated
(iiucleophile is generated in situ. As shown in at 65-70 °C for 2 hr, it underwent intramolecular
Scheme I, the nucleophile may attack either at ring opening of cyclic sulfate leading to the
center "a" or at center "b" of cyclic sulfate A formation of the six-membered lactone sulfate 6
leading to a mixture of the products Band C. (Scheme II) which was hydrolyzed with 20 %
We have utilized this intramolecular ring I aqueous H
2
S04 to afford 5R, 6S-lactone 33 (54
opening strategy for a short synthesis of % yield; 82 % ee). Analysis of 5S, 6S-isomer 5
mosquito oviposition attractant pheromone.' We (M= H) also suggested a regioselective
intramolecular attack of carboxy-late ion at C-5
centre with the inversion of confi-guration via a
6-exo-tet-cyclization.5 Not even a trace of the
( ~i
tDRF Publication19; Dedicatedto Prof.M V Georgeon his
70thbirthanniversary.

























Scheme 0 - Intramolecular S~ ring opening of cyclic sulfate via 6-uo-tet cyc1ization.
(±)-3
seven-membered lactone was detected, which is
expected to arise via an intramolecular attack of
carboxylate ion leading to a 'l-endo-tet-
cyclization of cyclic sulfate 5 (M = Li) (vide
infra).
The possibility of intermolecular ring opening
of cyclic sulfate 5 (M = Li) with LiOH with the
inversion of configuration at the stereo genic
centre does not arise, since such an
intermolecular ring opening of cyclic sulfate is
known to be unselective and is expected to
furnish the sulfate salts 7 and 8, which on
treatment with aqueous H2S04 would lead to the
racemic diol 2 or lactone 3 (if at all, vide infra),
In contrast, either intramolecular cyclization of
in situ generated carboxylate ion 5 (M = Li) or
isolated carboxylic acid 5 (M = H) with LiOH in
water-Tlff lead to the formation of3a (82 % ee)
alone. The intermediate lactone sulfate 6 can
also be isolated and further hydrolyzed to
furnish the lactone 3a. An alternative possibility
of the hydrolysis of cyclic sulfate 4a to afford
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5S, 6S- dihydroxycarboxylic acid derivative 2a
which might cyclize to 5S,6S-lactone 3 was also
examined. The compound la was hydrolyzed
with 5 % LiOH in THF-water at ca. 0 °C to give
the compound 2a which was then treated with a
catalytic amount of H2S04, No cyclization
product was observed; on the other hand the
unreacted starting material 2a was isolated. In
contrast, when 2a was treated with Ac20 under
reflux, cyclic 5S,6S-lactone 36 was isolated.
From the above experimental findings, it is clear
that LiOH treatment of the cyclic sulfate 2
generates the carboxylate ion 5 (M=Li) which
undergoes intramolecular cyclization to furnish
the lactone sulfate 6a, which is further
hydrolysed to lactone 3a by treatment with 20 %
aqueous H2S04,
In contrast, hydrolysis of the cyclic sulfate 5S,
6R-isomer 4b with LiOH in THF-water (25 : 1)
led to in situ formation of the carboxylate ion
which underwent concomitant cyclization at C-5
as well as at C-6 with an inversion of
configuration at the reacting centre with equal
ease to furnish the six-membered lactone 5R,
6R- 3b (38 %, 20 % ee)" and the seven-
membered lactone 6S, 7S- 9 (34 %, 15 - 18 %
ee) (Scheme III V
As expected, the carboxylate ion generated in
this case attacked at both C-5 and C-6 carbons
with the inversion of stereogenic centres. It is
important to point out that c<nnpo~nds 3b and 9
are stable under experimental conditions (cat.
H2S04 or H20-H2S04) and do not undergo
interconversion under the hydrolysis condition.
Also, according to Baldwin's rules both 6-exo-
tet- and 7-endo-tet-cyclizations are allowed and
the formation of both six- and seven-membered
lactones are expected.
In order to get better insight into the
mechanism and also to extend this methodology
to the formation of other ring sized lactones of
synthetic utility, we further examined the
possibility of intramolecular cyclization of
cyclic sulfate leading to seven- and eight-
membered cyclic products. Thus, it would be
interesting to find whether 7-exo-tet and 8-endo-
tet-cyclizations would also follow a similar
course, and if so, whether the mode of
intramolecualr cyclization would be controlled
by the stereochemistry of the cyclic sulfate. For
this purpose, cyclic sulfates 4e and 4d were
readily prepared from the corresponding diols Ic
(85 % ee) and Id (Scheme III). Treatment of the
diols Ic and ld with thionyl chloride in pyridine
at 0 °C, followed by oxidation of the resulting
cyclic sulfites with RuCl/NaI04 reagent gave
the cyclic sulfates 4e (87 %) and 4d (96 %),
respectively.' The cyclic sulfate esters 4e and 4d
were hydrolysed with LiOH in THF-water





b) S5.6R; n = 1 ; R z C,oH:., 0
~R~
1. THF·H2O
c) 65,75 ; n z 2; R ~ CoH,.
q~" 0-2SoCd) 65,7R; n = 2; R = CoH,. 2h+ 2. Cone. H2SO.
I OH 3 OH
b)65,75-isomer b) SR.6R;
Scheme III - Intramolecular SN2 ring opening of cyclic sulfate via 6-exo-tet and "l-endo-tet cyclization.
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MeOO\Jy MeOO~QH 1. SOCl2/Pyrldine ~ ,
; Ph 2. RuCb-Na104 : S02 Ph
, . \. '
OH 0
4
generated carboxylate ion (either Sc or Sd, M =
Li) did not undergo cyclization to furnish either
seven- or eight-membered lactone. The
carboxylic acid 5 (M = H, 90 %) having the
cyclic sulfate moiety intact, was isolated in an
excellent yield. It is rather difficult to speculate
at this stage as to why neither of the cyclic
sulfates underwent cyclization, although we
expected the cyclic sulfate 4c to undergo
cyclization to furnish the seven-membered
lactone. In fact, when Sc or Sd (M=H) was
heated in DMF, no formation of seven- or eight-
membered lactone was observed, instead,
decomposition of the cyclic sulfate was
observed.
To generalize the stereoselective ring opening
of cyclic sulfates further and direct the
intramolecular cyclization of cyclic sulfate
primarily to furnish seven-membered lactone,
we prepared the cyclic sulfates 4e and 4f (73-80
%) from the corresponding diols Ie and If. The
cyclic sulfate 4e upon treatment with lithium
hydroxide (1.5 eq) in THF-H20 (25: 1) at 65-70
"C, underwent cyclization which on hydrolysis
with catalytic amount of concentrated H2S048
resulted in the isolation of (5R, 6S)-6-(a-
phenylhydroxymethyl)-tetrahydro-2-pyrone 3e
in 25 % yield (90 % ee) (Scheme IV).
e) 55.65
f) 55'. 6R '
The product 3e was unambiguously characte-
rized by converting it to the corresponding
acetate (83 %) by reacting with acetic anhydride
in pyridine and comparing the lH NMR data
with those of a similar known compound." It is
interesting to note that we did not observe the
formation of any seven-membered lactone or
other possible diastereoisomer of six-membered
racemic lactone 3. Under similar reaction
conditions,the racemic cyclic sulfate 4f yielded
a mixture of diastereoisomers of six-membered
lactones 3e and 3f in 16 % and 9 % yields,
respectively. We could not detect any seven-
membered lactone in the crude reaction mixture
by lH NMR. The formation of unexpected
racemic lactone 3e clearly suggests that the
hydroxide ion reacts atleast partially at the
highly reactive benzylic position in racemic
cyclic sulfate 4f by nucleophilic SN2
displacement (LiOH-THF-H20) before
carboxylate ion generated in situ could react
intramolecularly with the cyclic sulfate (OH-
and COO- are competing nucleo-philes). It is
important to mention that such an intermolecular
ring opening of cyclic sulfate by LiOH is not
observed under the given experimental
conditions when R is an alkyl group (vide
supra). The intermediate 6-hydroxy-5-sulfato-
UOO~ Q,









10 I)55', 65' e) 5R.65
I) 5R' ,6R '
Scheme IV - Intramolecular SN2 ring opening of cyclic sulfate derived from methyl 6-phenyl-5,6- dihydroxyhexanoate.
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carboxylic acid 10 then may lactonise to give
the racemic 3e.
An alternative route for the formation 3e
could be via the hydrolysis of the cyclic sulfate
4f to 5,6-dihydroxycarboxylic acid If by LiOH
followed by cyclization in the presence of
aqueous H2S04; however it appears improbable,
since such a hydrolysis of cyclic sulfate to diol
derivative has not been observed earlier. It is
pertinent to mention that the cyclic sulfate 4f
was found to be much more reactive than the
cyclic sulfate 4e. So, we believe that under the
cyclization reaction conditions, the cyclic
sulfate 4f is not stable enough to undergo
intramolecular 7-endo-tet-cyclization to produce
seven-membered lactone due to the presence of
the highly reactive benzylic position in cyclic
sulfate coupled with steric effect associated with
the cis orientation of the phenyl group and the
alkyl chain in 4f.
In conclusion, intramolecular cyclization of
cyclic sulfate to six-membered ring is preferred
over seven-membered ring cyclization.
Experimental Section
General. All b.ps are uncorrected. Flash
chromatography was carried out on silica gel
SRL (230-400 mesh). TLC analyses were
carried out on precoated Merck Kieselgel 60 F-
254 plates. All solvents were dried and distilled
before use. IH NMR spectra were recorded on a
Varian Gemini (200 MHz) FT-NMR instrument
in CDCl3 with TMS as internal standard. 13C
NMR spectra were recorded on the same
instrument (50 MHz) in CDCI3 solution. IR
spectra (umax in em") were recorded as neat or
in solution on a Perkin-Elmer 1600 series Ff-IR
spectrometer. Mass spectra were recorded on HP
5989 A mass spectrometer and the samples were
introduced from LC through particle interface.
Optical rotations were measured on a JASCO
DIP-370 digital polarimeter. Progress of the
reaction was monitored by GLC. Enantiomeric
excess was determined by IH NMR. For
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compounds la, 2a, 3a and 4a, please see
reference 3.
Typical procedure for asymmetric dihy-
droxy- lation of trans-olefins :Formation of
methyl (SS, 6S)-S,6-dihydroxyhexade-canoate
1c : A mixture of K3Fe(CN)6 (1.84 g, 5.6
mmoles), K2C03 (0.77 g, 5.6 m moles) and
DHQ2-PHAL (15 mg, 0.019 mmoles) in t-
BuOH-H20 (1:1,11 mL) at 20°C was treated
with osmium tetroxide ( 33 ilL, 0.1 M solution
in t-BuOH) followed by methane-sulfonamide
(0.133 g, 1.4 mmoles). The reaction mixture was
cooled to 0 DCand treated with a solution of
methyl trans-6-hexadecenoate (0.5 g, 1.87
mmoles) in 5 mL of t-BuOH:H20 (1:1). The
reaction mixture was stirred at 0 DCfor 18 hr and
then quenched with solid sodium sulfite (2.6 g).
The stirring was continued for an additional 0.5
hr and then extracted with ethyl acetate. The
combined organic layer was successively
washed with water, 10 % NaOH solution, water
and brine and dried over anhydrous Na2S04• The
solvent was removed under reduced pressure
and the crude product purified by column
chromatography over silica gel using ethyl
acetate-pet. ether mixture as eluent to yield
methyl (6S, 7S)-6,7-dihydroxy-hexadecanoate
1c as a white solid (0.55 g, 97%). m.p. 40-42°;
[a]D25 -13.5° (c 1.0, CHCI3) (85 % ee); IR
(KBr): 3262, 2919, 2850, 1731, 1663, 1462,
1439, 1377, 1330, 1202, 1133, 1068, 848, 722
em"; IH NMR (CDCI3): 03.67 (s, 3H), 3.40 (bs,
2H), 2.34 (t, J = 7.0 Hz, 2H), 2.05 (bm, 2H),
1.68-1.64 (m, 2H), 1.47 (m, 4H), 1.26 (bs, 16
H), 0.88 (t, J = 6.6 Hz, 3H); Mass (relative
intensity): rnJz 303 (M+ +1; 73 %), 285 (68 %),
267 (23 %),253 (100 %), 235 (16 %).
Methyl 6-pbenyl-(SS, 6S)-S,6-dibydroxy-
bexa-noate Ie. The reaction was performed as
in the above case using methyl trans-6-phenyI-
5-hexenoate (2.0 g, 9.8 mmoles) to furnish 1.58
g (80 % yield; 90 % ee) of the diol Ie; [a]D25
+19.25° (c 2.0, CHCI3); IR (Neat): 3399, 2952,
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1735, 1498, 1201, 1158, 1053, 763, 703 ern";
IH NMR (CDCI3): 87.33-7.27 (bs, 5H), 4.42 (d,
J = 6.8 Hz, IH), 3.69-3.55 (m, IH), 3.62 (s, 3H),
2.85-2.40 (bs, 2H), 2.35-2.21 (m, 2H), 1.90-1.25
(m, 4H); Mass (relative intensity): m1z 206 (M+-
MeOH; 5 %), 131 (20 %), 107 (100 %), 100 (80
%),91 (15 %).
Asymmetric dihydroxylation of cis-olefins
(Methyl cis-5-hexadecenoate lb). The reaction
was performed as in the above case using
methyl cis-5-hexadecenoate (0.268, 1.0 mmole)
to furnish 0.15 g (50 % yield, 20 % eel of the
diol lb, m.p. 105-06°; IR (KBr): 3283, 2910,
2850, 1737, 1466, 1201, 1073, 720 cm'; IH
NMR (CDCI3): 8 3.68 (s, 3H), 3.62-3.59 (m,
2H), 2.38 (t,J= 7.4 Hz, 2H), 1.90-1.60 (m, 4H),
1.55-1.40 (m, 4H), 1.27 (bs, 16 H), 0.88 (t, J = 7
Hz, 3H); Mass (relative intensity): m1z 303 (M+
+ 1; 0.8 %), 253 (8 %), 201 (+ 1 %), 173 (9 %),
15 (4 %), 131 (19 %), 100 (100 %),99 (50 %).
Racemic diydroxylation of cis-olefins
(Methyl cis-5-hexedecanoate Ib). To a solution
of methyl cis-5-hexadecenoate (0.268 g, 1.0
mmole) in 18 mL of t-BuOH-H20 (1:1) at ~ 5
°C was added N-methylmorpholine N-oxide
(153 mg, 1.1 mmoles) followed by osmium
tetroxide (75 J.lL,0.1 M solution in t-BuOH) and
the resultant mixture allowed to stir at 25°C
overnight. The reaction mixture was quenched
with solid sodium sulfite (200 mg) and then
extracted with ethyl acetate. The organic layer
was washed with water, brine and dried over
anhydrous Na2S04. Solvent was removed under
reduced pressure and the crude product purified
by column chromatography over silica gel using
ethyl acetate-pet. ether solvent gradient to yield
methyl (58*, 6R*)-5,6-dihydroxy-hexadecanoate
(0.255 g) in 85 % yield. m.p. 105··07°.
Methyl (6S*, 7R*)-6,7-dihydroxyhexadeca-
noate Id • Under similar reaction conditions as
described above, methyl cis-6-hexadecenoate
(1.5 g, 5.6 mmoles) afforded methyl (6S*, 7R*)-
6,7-dihydroxyhexadecanoate ld (1.68 g) in a
quantitative yield; IR (KBr): 3319,2919,2851,
1740,1467,1438, 1205, 1179, 1069, 1023,723
cm'; IH NMR (CDCI3): 83.66 (s, 3H), 3.59 (bs,
2H), 2.33 (t, J = 7.2 Hz, 2H), 2.05 (br, 2H),
1.71-1.55 (m, 2H), 1.51 - 1.42 (m, 4H), 1.26 (bs,
16H), 0.87 (t, J = 5.6 Hz, 3H); Mass (CI
method) (relative intensity): m1z 303 (M+ +1; 80
%), 285 (78 %), 267 (47 %), 253 (100 %), 235
(25 %).
Methyl 6-phenyl-(5S*, 6R*)-5,6-dihydroxy-
hexanoate If : As described above, methyl cis-
6-phenyl-5-hexenoate (2.1 g, 10.3 mmoles) was
dihydroxylated to yield If (2.3 g, 94 %) as a
colourless liquid; IR (Neat): 3424, 2952, 1731,
1246, 1198, 1053, 704 cm'; IH NMR (CDCl3):
87.34-7.26 (bs, 5H), 4.68 (d, J = 4.4 Hz, IH ),
3.89-3.75 (m, IH), 3.63 (s, 3H), 2.70 (br, IH),
2.50 (br, IH), 2.35-2.21 (m, 2H), 1.90-1.21 (m,
4H); Mass (relative intensity): m1z 206 (M+ -
MeOH; 1 %), 189, 131 (30 %), 107 (95 %), 99
(100 %),91 (20 %).
Typical procedure for the synthesis of
cyclic sulfate 4: Cyclic sulfate 4b. To a stirred
solution of (5S*, 6R*)-dihydroxyhexadecanoate
Ib (0.588 g, 1.95 mmoles) in dry CH2Cl2 (5 mL)
at 0 °C was added pyridine (1.5 mL) followed
by thionyl chloride (1.5 mL, 20.6 mmoles).
After 2hr, the reaction mixture was warmed to
room temperature and stirring continued for an
additional 2 hr The mixture was then poured
into ice cold water and extracted with
chloroform. The combined organic extracts was
washed successively with 1 N Hel, sodium
bicarbonate solution and brine and then dried
over anhydrous sodium sulfate. The solvent was
removed under reduced pressure and the crude
product purified by column chromatography
over silica gel using a mixture of ethyl acetate
and pet.ether (15:85) to give the pure cyclic
sulfite 4b (0.51 g, 75 %) as a colourless liquid;
IR (Neat): 2927, 2856,1740, 1460, 1211, 1170,
953, 844, 657 cm': IH NMR (eDel]): 8 4.92-
4.75 (m, IH), 4.55-4.40 (m, HI), 3.67 (s, 3H),
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2.40 (t, J = 7.0 Hz, 2H), 2.0-1.50 (m, 6H), 1.27
(bs, 16 H), 0.88 (t, J = 7.0 Hz, 3H); Mass
(relative intensity): m1z 283 (M+ - HS02; 1 %),
253 (11 %), 251 (12 %), 235 (9 %), 225 (8 %),
178 (42 %), 157 (24 %), 144 (50 %), 143 (62
%), l25 (42 %), 113 (100 %), 112 (54 %), 111
(50 %), 97 (54 %).
To a stirred solution of cyclic sulfite obtained
from the above experiment (0.5 g, 1.44 mmoles)
in CCl4 (2 mL) and CH3CN (2 mL) was added
sodium metaperiodate (0.462 g, 2.15 mmoles)
followed by ruthenium chloride (2 mg) and
water (3 mL). The mixture was stirred at 25°C
for 2 hr. The reaction mixture was diluted with
ether and the layers were separated. The organic
layer was filtered through a pad of Celite and
the filtered organic layer washed with water,
sodium bicarbonate solution and then brine. The
organic layer was dried over anhydrous sodium
sulfate, filtered and then concentrated under
reduced pressure. The crude product was
purified by column chromatography over silica
gel using ethyl acetate-pet. ether (1:4) as eluent
to furnish the cyclic sulfate 4b as a,colourless oil
(0.475 g, 91 %); IR (Neat): 2927, 2856, 1737,
1457, 1381, 1208, 957, 860 em"; iH NMR
(CDCI3): 0 4.98-4.82 (m, 2H), 3.68 (s, 3H),
2.50-2.35 (m, 2H), 2.0-1.70 (m, 4H), 1.70-1.50
I (m, 2H), 1.26 (bs, 16H), 0.88 (t, J = 7.0 Hz, 3H);
Mass (relative intensity): m1z 365 (M+ +1; 4 %),
344 (30 %), 251 (30 %), 236 (20 %), 158 (37
%), 110 (61 %),96 (100 %).
Cyclic sulfate 4c. Under similar reaction
conditions as described above, methyl (6S, 78)-
6,7-dihydroxyhexadecanoate Ie (85 % ee) (0.2
g, 0.66 mmole) was converted to the
corresponding cyclic sulfite (0.185 g) in 80 %
yield; [a]o2S -57.68° (c 1.03, CHCI3); IR
(Neat): 2928, 2856, 1740, 1463, i367, 1208,
941, 876, 825, 703 em"; IH NMR (CDCI3): 0
4.63-4.50 (m, IH), 4.10-3.98 (m, IH), 3.67 (s,
3H), 2.34 (t, J = 7.0 Hz, 2H), 1.82-1.43 (m, 6H),
1.27 (bs, 16H), 0.88 (t, J = 5.6 Hz, 3H); Mass
(CI method)(relative intensity): m1z 349 (M+
+ 1, 20 %), 285 (100 %), 267 (28 %), 253. (17
%).
The above cyclic sulfite (0.16 g, 0.46 mmole)
was converted to the cyclic sulfate 4c (0.16 g) in
96 % yield. [a]o2S-38.8° (c 1.0, CHCI3); IR
(Neat): 2928, 2856, 1738, 1462, 1437, 1384,
1208, 904, 887, 832, 647, 550 em"; IH NMR
(CDCI3): 04.57-4.54 (m, 2H), 3.69 (s, 3H), 2.35
(t, J = 7.0 Hz, 2H), 1.95-1.52 (m, 6H), 1.27 (bs,
16H), 0.89 (t, J = 6.6 Hz, 3H); Mass (relative
intensity): m1z 365 (~+ 1;'3.8 %), 333 (90 %),
266 (16 %), 192 (10 %), 158 (20 %), 123 (20
%), 109 (22 %), 95 (100 %).
Cyclic sulfate 4d. In a similar manner as
described above, methyl (6S* , 7R*)-6, 7-
dihydroxy- hexadeeanoate ld (0.49 g, 1.62
.mmoles) was allowed to react with thionyl
chloride in the presence of pyridine to give the
cyclic sulfite (0.298 g) in 53 % yield; IR (Neat):
2928, 2859, 1740, 1462, 1438, 1210, 965, 853,
751, 662 em"; IH NMR (CDCI3): 0 4.90-4.76
(m, 2H), 3.68 (s, 3H), 2.35 (t, J = 7.0 Hz, 2H),
1.75-1.48 (m, 6H), 1.30 (bs, 16 H), 0.88 (t, J =
5.6 Hz, 3H); Mass (relative intensity): m1z 253
(4 %), 235 (10 %), 192 (12 %), 158 (25 %), 144
(40 %), 127 (100 %), 112 (30 %), 95 (50 %).
The above cyclic sulfite (0.1 g, 0.29 mmole)
was oxidized to cyclic sulfate 4d (0.09 g) in 87
% yield; IR (Neat): 2928, 2857, 1738, 1462,
1438, 1382, 1209, 1171, 970, 841, 648, 541 em"
I; IH NMR (CDCI3): 0 4.98-4.85 (m, 2H), 3.69
(s, 3H), 2.35 (t, J = 7.2 Hz, 2H), 2.05-1.81 (m,
2H), 1.80-'1.45 (m, 4H), 1.29 (bs, 16 H), 0.89 (t,
J = 6.4 Hz, 3H); Mass (relative intensity): m1z
365 (M+ + 1; 20 %), 333 (95 %), 266 (10 %),
! 234 (12 %), 192 (20 %), 149 (25 %), 135 (30
I
1%), 123 (36 %), 109 (36 %), 95 (100 %).
Cyclic sultate 4e. Under" similar reaction
conditions, methyl 6-phenyl-(5S, 68)-5,6-
dihydroxyhexanoate (90 % ee) Ie (1.1 g, 4.62
mmole) gave the corresponding cyclic sulfite
(0.8 g) in 61 % yield; [a]o2S -60.61° (c 0.98,
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CHCI3); IR (KBr): 2953, 1737, 1456, 1209,
1167,949, 705 cm'; IH NMR (CDeI3): B 7.55-
7.35 (bs, 5H), 5.50 (d, J= 9.2 Hz, IH), 4.93 (d, J
= 9.6 Hz, IH), 4.75-4.70 (m, IH), 4.38-4.25 (m,
IH), 3.63 (s, 3H), 2.45-2.38 (m, 2H), 1.90-1.65
(m, 4Hj, [mixture of diastereomers ( 1:1 )]; 13e
NMR (CDCI3): B 173.1, 173.0, 133.9, 133.2,
129.6, 129.3, 129.0, 127.6, 127.1, 89.4, 89.0,
84.2,51.4,33.0,31-.3,29.0,21.1; Mass (relative
intensity): mlz 220 (M+ - S02; 20 %), 189 (20
%), 154 (80 %)•. 126 (80 %), 105 (100 %), 91
(90 %).
Following the standard conditions described
earlier, the above obtained cyclic sulfite (0.7 g,
204.6 mmoles) was readily converted to the
cyclic sulfate 4e (0.75 g) in a quantitative
yield; [a]D25 -13.56° (c 0.89, CHCI3); IR
(KBr): 2954, 1736, 1387, 1210, 928 em"; IH
NMR (CDCI): s 7.46 (s, 5H), 5.46 (d, J = 9.2
Hz, IH), 4.82 (t, J = 9.2 Hz, IH), 3.64 (s, 3H),
2.35 (t, J = 6.6 Hz, 2H), 1.90-1.65 (m, 4H);
Mass (relative intensity): mlz 301 (M++ 1; 1 %),
221 (100 %),205 (90 %), 189 (20 %).
Cyclic sulfate 4f. Methyl 6-phenyl (58*,
6R*)-5,6-dihydroxyhexanoate 1£ (0.53 g, 2.23
mmoles) was converted to the corresponding
cyclic sulfite (0.39 g) in 62 % yield; IR (Neat):
2953, 1736, 1455 to 1211, 955, 702 em"; IH
NMR (CDeI3): B 7.39-7.16 (m, 5H), 5.86 (d, J=
6.2 Hz, IH), 5.19-5.10 (m, IH), 3.61 (s, 3H),
2.28 - 2.20 (m, 2H), 1.89-1.55 (m, 2H), 1.38-
1.12 (m, 2H); 13CNMR (CDeI3: B 173.1, 133.3,
129.0, 128.5, 126.7 84.0, 82.1, 51.4, 33.0, 29.0,
21.3; Mass (relative intensity): mlz 220 (M+ -
S02; 15 %), 189 (10 %), 178 (25 %), 154 (100
%), 126 (60 %), 105 (75 %), 91 (50 %).
The above cyclic sulfite (0.34 g, 1.2 mmoles),
'upon oxidation with ruthenium chloride, gave
the corresponding cyclic sulfate 4f (0.33 g) in 92
% yield; IR (Neat): 2954, 1736, 1457, 1386,
1210, 957, 863, 760, 701 em", IH NMR
(CDeI3): B 7.49-7.36 (m, 5H), 5.91 (d, J = 5.8
Hz, IH), 5.27-5.12 (m, IH), 3.64"(s, 3H), 2.39-
2.21 (m,2H), 1.87-1.21 (m, 4H); Mass (relative
intensity): mlz 302 (M+ +2; 2 %), 221 (10 %),
189 (30 %), 161 (15 %), 131 (60 %), 108 (40
%),99 (100 %).
Reaction of cyclic sulfate 4b with LiOH in
THF-H10. To an ice cold solution of cyclic
sulfate 4b (108 mg, 0.30 mmole) in THF (1.8
mL) was added water (200 JlL) followed by
lithium hydroxide (19 mg, 0.45 mmole) and the
solution stirred for 18 hr at 25°C and then for
2hr at 65-70 °C. The reaction mixture was
cooled, concentrated sulfuric acid (40 JlL)
added, and the reaction mixture further stirred at
25°C for 16 hr. Thereafter, it was diluted with
diethyl ether (30 mL), washed with water,
sodium bicarbonate solution, brine and dried
over anhydrous sodium sulfate. The solution
was filtered, evaporated and purified by column
chromatography over silica gel using pet. ether-
ethyl acetate (6:4) as eluent to furnish (5R, 6R)-
6-(a-decylhydroxymethyl)tetra-hydropyrone 3b
(29 mg) in 38 % yield (20 % ee); IR (CHCI):
3362,2928,2852, 1733, 1463, 1241, 1185, 838,
723,657 em"; IH NMR (CDCI3): s 4.12 (q, J=
7.0 Hz, IH), 3.49-3.35 (m, IH), 2.35 (t, J = 7.0
Hz, 2H), 1.95-1.65 (m, 3H), 1.60-1.40 (m, 4H),
1.26 (bs, 16H), 0.88 (t, J = 7.0 Hz, 3H); Mass
(relative intensity): mlz 271 (M+ +1; 0.8 %), 253
(17 %), 235 (15 %), 145 (100 %), 128 (18 %),
101 (59 %). Further elution of the column
resulted in the isolation of (5S, 7S)-6-hydroxy-7-
nonyl-oxepan-2-one 9 (26 mg) in 34 % yield (18
% ee); IR (Neat): 3434, 2925, 2855, 1728, 1247,
1051 cm'. IH NMR (CDeI3): B 4.25-4.12 (m,
IH), 3.63-3.50 (m, IH), 2.71-2.32 (m, 2H), 2.02-
1.68 (m, 4H), 1.61-1.42 (m, 2H), 1.26 (bs, i6H),
0.88 (t, J = 7.0 Hz, 3H); Mass (relative
intensity): mlz 271 (M+ + 1; 6 %), 253 (42 %),
235 (47 %), 217 (14 %), 207 (12 %), 145 (14
%), 129 (24 %), 111 (30 %), 101 (100 %).
Reaction of cyclic sulfate 4c with LiOH in
THF-H10. To a stirred solution of the cyclic
. sulfate 4c (100 mg, 0.28 mmole) in THF (1.8
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mL) and water (200 ul.) at 0 DC was added
lithium hydroxide (17 mg, 0.4 mmole). The
reaction mixture was allowed to stir at room
temperature for 25 hr and then under reflux for
48 hr. It was cooled to room temperature and
treated with conc. sulfuric acid (40 ul.) and
further stirred for 18 hr. The reaction mixture
was diluted with diethyl ether, washed with
water, brine and dried over anhydrous sodium
sulfate. The solution was filtered and
concentrated under reduced pressure to yield the
crude product (75 mg). Spectral data of the
crude product indicated the presence of
carboxylic acid 5 (M = H), as the sole product;
IR (neat): 2924, 2855, 1698, 1464, 1369, 1201,
885,648,549 em"; IH NMR (CDCI): b 6.71 (s,
IH), 4.56 (bd, J = 7.0 Hz, 2H), 2.41 (t, J = 7.0
HZ,2H), 1.91-1.35 (m, 6H), 1.27 (bs, 16H), 0.91
(t, J = 5.6 Hz, 3H); Mass (relative intensity):
m/z 333 (M+ - 17; 2 %), 252 (40 %), 192 (15
%), 140 (30 %), 126 (50 %), 97 (100 %). It was
further confirmed by converting this carboxylic
acid Sc (M = H) (18 mg, 0.05 mmole) to the
corresponding methyl ester (16 mg, 91 %) using
catalytic amount of sulfuric acid in methanol,
and found to be identical in all respects with an
authentic sample of 4c.
Reaction of cyclic sulfate 4d with LiOH in
THF-HzO. As in the above case, the cyclic
sulfate 4d (100 mg, 0.28 mmole) under of
different cyclization conditions yielded only the
carboxylic acid Sd (M=H) with the cyclic
sulfate functional group intact (70-80 mg).
Reaction of cyclic sulfate 4e with LiOH in
THF-HzO • To a stirred solution of the cyclic
sulfate 4e (80 mg, 0.27 mmole) in THF (1.8 mL)
and water (200 ilL) at 0 DC was added solid
lithium hydroxide (l7 mg, 0.4 mmole) and
allowed to stir at room temperature for 20 hr and
then for 2hr at 65-70 DC.It was cooled to 0 DC,
treated with concentrated sulfuric acid (40 J.I.L)
and further stirred at ca. 25 DC for 20 hr. The
reaction mixture was diluted with diethyl ether,
washed with water, sodium carbonate solution,
brine and dried over anhydrous sodium sulfate.
The solution was filtered, concentrated under
reduced pressure and the crude product purified
by column chromato-graphy over silica gel
using pet.ether-ethyl acetate (2: 1) as eluent to
furnish (5R, 68)-6-( a-phenyl-hydroxymethyl)-
tetrahydropyrone 3e (14 mg, 25 %; 90 % ee) as
a colourless viscous liquid. [a]o2S + 32.14D (c
0.112, CHC1); IR (Neat): 3401, 2955, 1726,
1451, 1382, 1247, 1052, 706 em"; IH NMR
(CDC1): b 7.39 (bs, 5H), 5.06 (d, J = 3.2 Hz,
IH), 4.55-4.43 (m, IH), 2.95 (bs, IH), 2.61-2.15
(m, 2H), 1.95-1.54 (m, 4H); Mass (relative
intensity): rnIz 206 (M+, 10 %), 189 (8 %), 121
(12 %), 107 (100 %), 100 (90 %), 91 (20 %).
Reaction of cyclic sulfate 4f with LiOH in
THF-HzO. To a stirred solution of the cyclic
sulfate 4f (264mg, 0.88 mmole) in THF (5.4
mL) and water (600 ilL) at ca. 25 DCwas added
solid lithium hydroxide (56 mg, 1.32 mmoles)
and the mixture allowed to stir at that
temperature for 21 hr and then under reflux for
19 hr at 65-70 DC. The solvent was removed
under reduced pressure and the residue
azeotropically dried with dry benzene. The
residue was suspended in THF (3 ml.), treated
with cone. sulfuric acid (l15 ilL), water (l6 ilL)
and stirred at ca 25 DC for 38 hr. The reaction
mixture was diluted with diethyl ether, washed
with water, sodium bicarbonate solution, brine
and dried over anhydrous sodium sulfate. The
solution was filtered, concentrated under
reduced pressure and the crude product purified
by column chromato-graphy over silica gel
using pet. ether-ethyl acetate (2:1) as eluent to
yield the racemic hydroxy-lactone 3e (29 mg,
16% ), which was found to be identical with an
authentic sample of 3e (TLC, IR, NMR, MS).
Further elution of the column resulted in the
isolation of (SR·, 6R·)-6-(a-phenylhydroxy-
methyl)-tetrahydro-2-pyrone 3f (l6 mg, 9 %) as
a colourless viscous liquid; IR (Neat): 3433,
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2929, 1729, 1381, 1244, 1188, 1052, 760, 704 em";
IH NMR (CDCI3): 0 7.36 (bs, 5H), 4.66 (d, J = 7.4
Hz, IH), 4.45-4.31 (m, IH), 3.65 (bs, IH), 2.61-
2.23 (m, 2H), 1.89-1.45 (m, 4H); Mass (relative
intensity): m1z 206 (M\ 5 %), 189 (4 %), 131 (11
%), 107 (100 %), 100 (98 %), 91 (12 %).
Acetylation of 9. To a stirred solution of (6S,
7S)-6-hydroxy-7-nonyloxepan-2-one 9 (20 mg,
0.074 mmole; 18 % eel in dry pyridine (0.5 mL)
was added acetic anhydride (0.1 mL) at 0 °C and
the resultant solution stirred at ca. 25°C for 12 hr.
Usual work-up followed by column chro-mato-
graphy over silica gel using pet. ether-ethyl acetate
(4:1) as eluent afforded (6S, 7S)-6-acetoxy-7-
nonyloxepan-2-one 9 (19 mg, 82 %) as a colour-
less liquid; IR (Neat): 2927, 2856, 1740, 1460,
1373, 1231, 1028, 952, 727, 702, 606 em"; IH
NMR (CDCI3): 0 5.06-4.90 (m, IH), 4.10 (q, J =
7.0 Hz, IH), 2.40-2.20 (m, 2H), 2.09 (s, 3H), 1.72-
1.40 (m, 6H), 1.23 (bs, 16 H), 0.85 (t, J= 7.0 Hz,
3H); Mass (relative intensity): m1z 313 (M' +1)
(13 %), 298 (3 %), 280 (1.5 %), 187 (58 %), 145
(100 %), 99 (35 %).
Acylation of 3b. Under similar reaction
conditions, as described above,the lactone 3b (12
mg, 0.044 mmole; 20 % eel was converted to the
corresponding (5R, 6R)-6-acetoxy-6-(decyl)tetra-
hydropyrone (10 mg) in 72 % yield; IR (KBr):
2926, 2856, 1740, 1461, 1372, 1234, 1046, 727
cm'; 'H NMR (CDCI3): 0 5.02-4.90 (m, IH),
4.41-4.28 (m, IH), 2.68-2.35 (m, 2H), 2.10 (s, 3H),
2.0-1.73 (m, 2H), 1.72-1.50 (m, 4H), 1.26 (bs, 16
H), 0.88 (t, J = 7.0 Hz, 3H, ); Mass (relative
intensity): mJz 253 (2.5 %), 187 (3 %), 142 (25
%), 100 (52 %), 99 (100 %).
Acetylation of 3e . Hydroxylactone 3e (10 mg,
0.05 mmole) upon treatment with acetic anhydride
(50 ilL) in pyridine (250 J.1L) yielded (5R, 6S)-6-
(a-phenylacetoxymethyl)tetrahydro-2-pyrone (10
mg, 83 %); [a]o2S -7.83° (c 0.23, CHCI3); IR
(Neat): 2929, 1740, 1372, 1233, 1055, 705 em";
IH NMR (CDCI3): 07.35 (bs, 5H), 5.89 (d, J = 3.8
Hz, IH), 4.59 (dt, J = 7.2 Hz, 3.6 Hz, IH), 2.60-
2.25 (m, 2H), 2.14 (s, 3H), 1.90-1.55 (m, 4H);
Mass (relative intensity): mJz 249 (M' +1) (8 %),
189 (100 %), 161 (20 %)149 (25 %), 107 (25 %).
Acetylation of 4f • As described earlier, (5R·,
6R·)-6-( a-phenylhydroxymethyl )tetrahydropy-
rone 3f (15 mg, 0.073 mmole) was acetylated
using acetic anhydride (0.1 mL) in pyridine (0.5
mL) to furnish (5R·, 6R·)-6-(a-phenylacetoxy-
methyl)-tetrahydro-2-pyrone (15 mg, 83 %); IR
(Neat): 2959, 1740, 1476, 1375, 1231, 1161, 1051,
975, 931, 757, 703, 668, 628, 541 ern": IH NMR
(CDCI3): 0 7.36 (bs, 5H), 5.81 (d, J = 6.8 Hz, IH),
4.60-4.53 (rn, IH), 2.58-2.43 (m, 2H), 2.12 (s, 3H),
1.89-1.46 (m, 4H); Mass (relative intensity): mJz
249 (M++1) (9 %), 206 (7 %), 189 (100 %), 161
(13 %), 149 (50 %), 107 (50 %), 99 (62 %).
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